In the present work, the antibacterial activity of banana peel and lemon seed ethanolic extracts had been evaluated against two gram negative bacteria Escherichia coli and Salmonella sp. and one gram positive bacteria Staphylococcus aureus. Results showed that banana peel and lemon seed extracts had an inhibitory effect against the used Gram -positive and Gram -negative bacterial strains and that the activity against the bacterial strains was associated with increasing the amount of the prepared extracts. The results of GC-MS analysis ensured the presence of various bioactive compounds. Banana peel extract contained hydroquinone, n-hexadecanoic acid, α-bisabolol, trans-2,4-dimethoxycinnamic, sinapyl alcohol, Cis-13-eicosenoic acid and Phytol. Lemon seed extract contained n-hexadecanoic acid, α-bisabolol, hydroquinone, (S) -(-) citronellic acid, Butylated hydroxytoluene , Ascorbic acid, premethyl and 2,5-dihydroxybenzoic acid. The total antioxidant activity was evaluated and found to be 292.88±3.80 and 291.86 ±6.76 mg AAE/g for banana peel and lemon seed extracts, respectively. The total phenolic content was 76.75±0.84 and 80.62±0.17mg GAE/g for banana peel and lemon seed extracts, respectively. Results showed that banana peel and lemon seed had good antioxidant and antibacterial potential. This study developed an antibacterial formulation that can be used as natural food preservative and would scope for future utilization of the waste products for therapeutic purpose.
INTRODUCTION
Fruit peels and seeds are thrown into the environment as agro waste. Their utilization in preparing new antibacterial agents will be economic and reduce pollution. The peels of the fruit are very rich in bioactive components, which are considered to have a beneficial effect on health, they contain various antioxidant compounds (Raza, 2014) . These peels are a source of sugars, minerals and organic acids, dietary fibers and phenolics which have a wide range of actions which include antioxidants, antimutagenic, cardio preventive, antibacterial and antiviral activities (Genitha Immanuel, 2014) .
Banana (Musa paradaisica) is grown worldwide and consumed as ripe fruit or used for culinary purposes. Peels form about 18-33% of the whole fruit and are not being used for any other purposes. It is thus significant and even essential to find applications for these peels as they can contribute to real environmental problems (Zhang et al., 2005) . The manipulation of food processing wastes is now becoming a very serious environmental issue. Potential applications for banana peel depend on its chemical composition.
Banana peel is rich in dietary fibre, proteins, essential amino acids, polyunsaturated fatty acids and potassium (Emaga et al., 2007) . Banana and tomato peels have been reported to be a good source of carotenoids (Baysal et al., 2000) . Reports are also available on medicinal benefits of banana peel extract which include relief from pain, swelling, itching, bruising, wrinkles and sunburn (Edwards, 1999) . However, there is limited information about the nutritional composition and antioxidant activities of banana peel (Emaga et al., 2008 and Gonzalez-Montelongo et al., 2010) .
Banana peels have been shown to be a good suppressor of food-borne pathogens including Staphylococcus aureus, Bacillus cereus, Salmonella enteritidis and Escherichia coli (Mokbel and Hashinaga, 2005) and could potentially be applied into food systems in the future. Devatkal et al. (2014) also added that the preservative capability of banana peel water extract from similar banana variety in reducing lipid oxidation process in raw meat was comparable to synthetic antioxidant such as butylated hydroxy toluene (BHT). Banana peel demonstrated the presence of various phenolic compounds such as gallocatechin and anthocyanins like peonidin and malvidin. Phenolic compounds are secondary metabolites, which have been associated with flavour and colour characteristics of fruits and vegetables and are gaining considerable attention because of their potent antioxidant and health promoting properties (Kaur and Kapoor, 2001) .
The citrus peels are rich in nutrients and contain many phytochemicals that can be efficiently used as drugs or as food supplements. Since there is an increase in the number of antibiotic resistance pathogens, there is always a search of an alternative drug that is regarded as safe.
Properly dealing with discarded products can reduce the potential for environmental pollution. Recent research revealed that fruit peels and seeds (Prasad et al., 2010) may potentially possess antimicrobial property, representing a potential area of future investigation. This study monitored the antibacterial and antioxidant activities of ethanolic extracts of banana peel and lemon seed, as well as identified the chemical constituents of these wastes, allowing them to be used as natural safe preservatives.
MATERIALS AND METHODS

Plant material
Banana peel and lemon seed were collected from juice stores in Cairo and Giza Governorates during the year 2014. Lemon seed was air dried for several days. Banana peel was washed with distilled water, dried in the oven at 40°C. Seed and peel were powdered using a lab grinder and stored at 4°C till use.
Pathogenic bacterial strains
The bacterial strains of Escherichia coli, Salmonella sp. and Staphylococcus aureus were provided from Microbiology Department, Faculty of Agriculture, Ain Shams University. The tested bacteria were grown in buffered peptone water (pH 7.2) and incubated for 24 h at 37°C to achieve viable cell count of 10 8 cfu/ml.
Preparation of the ethanolic extracts
Ethanolic extracts of banana peel and lemon seed were prepared by soaking the powdered peel and seed in ethanol 90%, then stirring using a magnetic stirrer for 4 hours. The extracts were filtered and the solvent evaporated. The residues were then collected and stored at 4 °C until used.
Antibacterial activity of the ethanolic extracts
The antibacterial activity of the ethanolic extracts was carried out by well diffusion method (William, 1989) . Mueller-Hinton agar was the selected media for preparing the test plates. 100 μl of the microbial suspension was taken and spread onto Mueller-Hinton agar. 05 -500 μl of the extracts were placed in holes in the agar layer inoculated with the above mentioned bacteria. Negative control (Masih et al., 2012) was included using ethanol 90%. The inoculated plates were incubated at 37°C for 48 h. Estimation of the antibacterial potencies of the extracts was accomplished by measuring the zone of inhibition diameters in millimeters against the tested organisms. All tests were performed in triplicate.
Determination of total antioxidant activity of the extracts
The total antioxidant capacity of the fractions was determined by phosphomolybdate method according to the procedure described by (Prieto et al., 1999) using ascorbic acid as a standard. The total antioxidant activity was expressed as milligrams of ascorbic acid equivalents per gram of dry weight (mg AAE/g DW).
Determination of the total Phenolic content of the extracts
The total phenolic content in the extracts was determined by spectrometry using ""Folin Ciocalteu"" reagent assay (Singleton et al., 1965) . Gallic acid was used as a standard for the calibration curve. The total phenolic content was expressed as milligrams of gallic acid equivalents per gram of dry weight (mg GAE/g DW).
GC-MS analysis of the extracts
The analysis was carried out using a GC (Agilent Technologies 7890A) interfaced with a mass-selective detector (MSD, Agilent 7000) equipped with an apolar Agilent HP-5ms (5%-phenyl methyl poly siloxane) capillary column (30 m × 0.25 mm i. d. and 0.25 μm film thickness). The carrier gas was helium with the linear velocity of 1ml/min. The components were verified by matching their mass spectra and retention time with the database of National Institute of Standard and Technology (NIST) library. The name, molecular weight and structure of the components of the test materials were ascertained. Tables (1) and (2) documented the antibacterial activities of banana peel and lemon seed at different volumes (50-500µl) of the ethanolic extracts against the tested organisms. The extracts of banana peel and lemon seed were found to inhibit the Gram-negative bacteria E. coli and Salmonella Sp.
RESULTS AND DISCUSSION
as well as the Gram-positive bacteria Staphylococcus aureus. Control (ethanol 90%) had no inhibitory effect on the studied bacterial strains. Also, it was clear that the activity of the extracts increased by increasing the volume taken and 500 µl gave the highest inhibition zone diameters in both extracts. 500 µl of the ethanolic extract of banana peel produced remarkable clear zone of inhibition valued 20 mm, 20 mm and 15 mm against E. coli, Staphylococcus aureus and Salmonella sp., respectively. Lemon seed ethanolic extract produced zone of inhibition of 18 mm, 17 mm and 14 mm against E. coli, Staphylococcus aureus and Salmonella sp., respectively. As the plants produce secondary metabolites to protect themselves from microorganism, herbivores and insects, thus antimicrobial effect is somehow expected from plants. The extracts showed a significant antibacterial activity against all the tested organisms, indicating the presence of active phytochemical antioxidant compounds (Mohamed et al., 2011) .
The total antioxidant activity (TAA) of the extracts is shown in Table ( 3) . The obtained results indicated that the total antioxidant activity valued 292.88±3.80 and 291.86 ±6.76 mg AAE/g for banana peel and lemon seed extracts, respectively. Antioxidants exert their action either by scavenging the reactive oxygen species and free radicals and protecting the antioxidant defense mechanisms. The total phenolic content (TPC) of the extracts is shown in Table ( 3) and has range of 76.75±0.84 and 80.62±0.17mg GAE/g for banana peel and lemon seed extracts, respectively. Phenolic compounds, often present in plant extracts, have antioxidant activity (Emanuel et al., 2011) and play a major role in reducing lipid oxidation and may contribute to antioxidative action. TÜrkoglu et al. (2007) suggested that polyphenolic compounds had inhibitory effects on mutagenesis and carcinogenesis in humans, when up to 1.0 g daily ingested from a diet rich in fruits and vegetables.
GC-MS analysis of the chemical components of banana peel and lemon seed extracts is shown in Fig. 1-2 and Table (4). The GC-Ms analysis of banana peel and lemon seed extracts showed that the common components in both extracts are Hexadecanoic acid (palmitic acid), α-bisabolol and Hydroquinone. Hexadecanoic acid had known antioxidant and antibacterial properties, cytotoxicity to human leukemic cells, and in vivo antitumor activity in mice (Zhang et al., 2014) . α-bisabolol had been reported to have strong bacteriocidal effect, antimicrobial and antiseptic effects (Singh et al., 2011) . Hydroquinone is a polyphenol compound exerting antioxidant activity (Uthumporn and Ekkalak, 2015) . The common chemical compounds identified in the studied extracts are shown in Fig. 3 . The remaining compounds found in banana peel extract were: Trans-2,4-dimethoxycinnamic, Sinapyl alcohol, Cis-13-eicosenoic acid and Phytol. While, the compounds of lemon seed extract were: citronellic acid, Ascorbic acid, Butylated hydroxytoluene and 2,5-dihydroxybenzoic acid. All compounds had known bioactivity as antioxidant and antibacterial agents.
CONCLUSION
The present work showed that wastes such as banana peel and lemon seeds contain various bioactive chemical compounds. The tested extracts had shown appreciate amounts of total phenols which contribute mainly to their antioxidant activity. Also, the extracts were found to inhibit both Gram positive and Gram negative bacterial strains. Further studies could be made on the use of these extracts in food preservation systems.
